Several in vivo studies had documented that pomegranate plant had antioxidants that were powerful and beneficial to overall health. They were called polyphenols and flavonoids. It was also a highly regarded defender against free-radicals in the body. In the present study, the anti-oxidant properties of pomegranate peel and seed (diet or extract) were investigated in CCl 4 -induced rat genotoxicity and hepatotoxicity. The studied male Sprague-Dawley albino rats were divided into seven groups ( 
INTRODUCTION
Natural products are complex mixtures of many compounds. Their putative active ingredients and other constituents presented in that mixture have the potential to cause interaction with various classes of drugs (Yamsani et al., 2009) .
Pomegranate (Punicagranatum) fruits are globally consumed fresh, in such processed forms as juice, jam, oil and in extract supplements (Gil et al., 2000) . Pomegranate juice is a naturally rich source of polyphenols and other antioxidants including punicalagin (PA), ellagic acid (EA), gallotanninsanthocyanins and other flavonoids. Pomegranate seeds are a rich source of dietary fiber, pectin, and sugars. Dried pomegranate *Corresponding author. E-mail: ahmedamm33@yahoo.com seeds contain the steroid estrogen estrone and phytoestrogens genistein, daidzein, and coumestrol. They also contain amino acids such as glutamic and aspartic acids. Pomegranate juice is also rich with vitamins and minerals such as vitamins E, C and B5, iron, potassium and calcium. According to Donald Yanceand Arlene Valentine in their book Herbal Medicine, Healing and Cancer, ellagic acid "inhibits cancer formation and is believed to inhibit cancer mutation by latching onto DNAmasking sensitive sites on the genetic material that might be occupied by harmful chemicals" (Yance and Valentine, 1999) . Pomegranate extracts suppresses the growth of cancer cells, and interferes with their genetic factors, leading to death at the end. Pomegranate polyphenols inhibited gene expression in androgen-independent prostate cancer cells (Hong et al., 2008) . It has been reported that pomegranate juice increased the production of antioxidants in the sperm, which improved its quality (Truk et al., 2008) . Phenylpropanoids, hydrobenzoic acids, flavones and conjugated fatty asides which are presented in the pomegranate juice can inhibit a specific protein found in bone marrow and responsible for the movement of cancer cells into the bone.
Liver disease has become one of the serious health problems as a result of exposure to many kinds of xenobiotic and therapeutic agents. Moreover, the rapidly growing morbidity and mortality from liver diseases are attributable to the increasing number of chemical compounds and environmental pollution. The liver is expected not only to perform physiological functions but also to protect against the hazards of harmful drugs and chemicals.
Carbon tetrachloride (CCl 4 ) is converted into reactive toxic metabolites by hepatic microsomal cytochrome P 450 and causes hepatotoxicity (Buwa et al., 2001) . The rationale behind the selection of CCl 4 is due to its free radical mechanism based on liver injury. Thus, the present research aims to study the effect of CCl 4 and silymarin on chromosomal aberrations, sperm abnormalities, molecular assay and determination of nucleic acid (DNA and RNA) and to investigate the role of pomegranate plant in experimentally induced hepatotoxicity and genotoxicity by CCl 4.
MATERIALS AND METHODS

Preparation of ethanolic extracts of pomegranate peel and seeds
The pomegranate peel and seeds were collected, washed, cut into small pieces and dried in air then in an oven at 50°C till complete dryness. The dried peel and seeds were ground to fine powder and mixed with ethanol (80%) for 2 days. The resulting ethanol extracts were filtered and subsequently concentrated with a rotary evaporator.
Animals and treatment
Sprague-Dawley albino male rats weighing 80 to 100 g were used in this study. The animals were housed in cages with free access to water and rodent chow under normal laboratory conditions for 48 h before treatment. The control rats (in the 1st group) were fed on normal diet and treated orally with corn oil (1.0 ml/kg) twice a week. Treated animals were administered orally with CCl4 (10% CCl4 / corn oil; 1.0 ml/kg) twice a week during the time of the experiment to cause chronic reversible cirrhosis as described by HernandezMunoz et al. (2001) 
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The duration of the treatment was 60 days.
Chromosome aberration assay
The animals were injected i.p. with colchicine at a dose of 0.5 mg/kg 2 h before sacrifice. Bone marrow cells were prepared according to Yosida et al. (1977) , flushed from femur by physiological saline and then hypotonized in KCl solution at 37°C for 20 min. The cells were fixed in methanol/ acetic acid (3:1), dropped on cold slides and dried on flame. The slides were stained with 5% buffered Giemsa solution, and then at least 50 well-spread metaphases were analyzed per experimental animal in each treatment and control. Chromosomal aberrations were classified into various categories like gap, break, deletion, fragment and centromeric attenuation. Numerical aberrations were also studied and recorded as hypo, hyper and polyploidy.
Sperm morphology assay
The animals were sacrificed by cervical dislocation 24 h after the last treatment. Both the caudal epididymis were dissected out and placed in physiological saline. The sperms were released by mechanical disruption and washing of the epididymis. The suspension was filtered to remove the tissue debris. A drop of suspension was taken on a clean slide and a smear was made and air-dried. The slides were stained the following day in 0.1% eosin Y for 5 to 8 min. Four thousand sperms per group were scored and the abnormalities were categorized as close as described by Wyrobek and Bruce (1978) . Abnormal sperms had forms readily recognizable as amorphous, big and small head, banana-shaped or without hook. Abnormal tails were recorded as coiled and divided.
Molecular genetics
DNA extraction
DNA was extracted from the tested animals according to the method described by Sharma et al 2000 (10) . The concentration of DNA and its relative purity were determined using a spectrophotometer based on absorbance at 260 and 280 nm, respectively. The integrity of extracted genomic DNA was checked by electrophoresis in 0.8% agarose gel using DNA molecular weight marker (Eurblio, Paris, France).
Inter simple sequence repeat (ISSR) and RAPD-PCR electrophoresis
Inter simple sequence repeat (ISSR) analysis was performed using five different primers listed in Table 1 . The primers contained different di-and tri-nucleotide repeat motifs in order to achieve genome coverage as wide as possible. The RAPD primers codes and sequences were listed in Table 2 . The PCR for ISSR and RAPD analyze (25 µl total volumes) contained 0.5 units of Taq DNA polymerase (Pharmacia®), 1× reaction buffer, 2.5 mM MgC12, 0.2 µM primer, 200 µM of each dNTP, and up to 30 ng of genomic DNA. All reactions were performed in a Perkin Elmer 2400 thermal cycler.
ISSR program was performed as: 35 cycles of: 94°C for 30 s, annealing temperature for each primer, 72°C for 1 min and 4°C soak forever. For each primer, the annealing temperature was chosen after different trials with different temperatures (Table 1) , in order to maximize the information obtained from the patterns, that is, maximum amplification, minimum smear on gels (from nonspecific amplification), and well-resolved bands. RAPD program was performed as 1 cycle of 94°C for 4 min and 40 cycles of 94°C for 1 min, 35°C for 1 min, and 72°C for 2 min.
To exclude PCR artifacts and verify responsibility of results, negative controls and replicates were included in each PCR amplification. For ISSR and RAPD marker profiling, PCR products were subjected to electrophoresis on 1.5% agarose gels containing 0.05% ethidium bromide. The electrophoretic patterns of the PCR products were recorded digitally using a Gel-Doc 2000 image analysis system (Bio-Rad) according to the instruction of manufactory.
Biochemical studies
Total soluble protein, as well as total DNA and RNA contents of liver and testes, was determined according to Pears' (1985) methods.
Statistical analysis
The experimental results of cytogenetics were expressed as mean ± S.E. Statistical significance was analyzed by one-way analysis of variance (ANOVA). Duncan's multiple tests were used to determine differences among groups. A p-value<0.05 was considered statistically significant.
RESULTS
Cytogenetic results
Pomegranate peel and seed (extract or diet) were subjected to analysis of chromosomal aberration (CA) in mitotic chromosomes of bone marrow cells and sperm abnormalities in rats. The tested plant was chosen to study its effects against CCl 4 cytotoxicity as a diet (5%) or extract at a dose of 0.3 g/kg. The plant extracts exhibited antioxidant activities (Taskova et al., 2002 (Taskova et al., , 2003 . The obtained data were summarized in Tables 3 and 4. CCL 4 treatment caused a highly significant increase in the frequency of CA at p < 0.01, p < 0.05 compared to the control group, and the silymarin treated group respectively. Metaphase analysis of bone marrow cells of rats revealed that CCl 4 treatment induced various types of structural chromosomal aberrations. The chromatid gaps and deletions were more frequent compared to other types of aberrations (Table 3 ). The used dose of silymarin (0.2 g/kg), through the post oral route, induced significant increase in chromosomal aberrations compared to the normal control group.
Treatment with pomegranate peel and seed (extract or diet) significantly decreased the number of cells with chromosomal aberrations compared to the CcL 4 treated group. Also, a significant increase in the frequency of cells with numerical aberrations was observed in animals treated with CCl 4 and silymarin compared to the normal control group. The pomegranate seed extract showed the best results as it reduced chromosomal aberrations towards the normal, but it still significantly increased.
Sperm morphology
Sperm examination showed that CCl 4 treatment induced various types of abnormalities in sperm head morphology. Among the abnormal sperms, amorphous (47.8%), without hook (18.5%) and small head (12.1%) types of head morphology were more prevalent than the big head (11.2%) and the banana (8.8%) type of head morphology. Silymarin also induced significant increase in the frequency of abnormal sperms above the control (Table 4) . Treatment with pomegranate exhibited a significant reduction in the percentage of abnormal sperms induced by CCl 4 . Pomegranate showed a protective effect, especially in rats treated with seed extract. Abnormal tails were recorded as coiled and divided tails. Coiled tails were more frequent than divided ones. CCl 4 treated group showed the most frequent abnormal tails in all experimental groups. Pomegranate plant decreased the percentage of abnormal tails but they were still significantly increased when compared to the normal group.
ISSR analysis
Aimed at verifying genetic effects of pomegranate on genetic material, ISSR analysis was performed on DNA extracted from liver of animals after treatment with CCl 4 , silymarin and pomegranate (diet or extract) comparing with controls. Data were considered for 5 primers (Figure 1 ). Five anchor primers (HB8, HB10, HB11, HB12 and HB14) were used in the present study to analyze the genetic variation among the tested groups (Table 1 ). The molecular size of amplified bands ranged from 190 to 2000 bp. Each primer generated between 4 (primers HB12) and 8 primer HB 14) bands with an average 6 bands per primer. The results of ISSR analysis showed that primer HB 8 produced 92% polymorphic bands while HB 11 produced 67% polymorphic bands as shown in Table 5 . Animals in treated groups had disappeared or appeared bands compared with animals in control group (Table 6) . In control group, 30 ISSR bands were obtained compared to 24, 30, 38, 32, 31 and 35 bands for Groups 2, 3, 4, 5, 6 and 7, respectively. These results revealed that the number of new bands was obviously higher than the number of lost bands in treated groups compared with the control group. Animals treated with CCl 4 (group 2) showed the highest lost bands (total bands was 24 compared to 30 for control group), which could be a clear indication for the high genotoxic effect of CCl 4 due to losses of alleles. Treatment with silymarin and pomegranate showed an increase in band number in Groups 3, 4, 5, 6 and 7. This increase was higher in animals treated with pomegranate than those treated with silymarin. The appearance of new fragments may attribute to some sites becoming accessible to the primer after point mutations or large rearrangements take place in genomic DNA. These results suggested that treatment with silymarin or pomegranate (diet and extract) decreases the genotoxic effect CCl 4 . The obtained results of ISSR gave remarkable distinct characterization of each tested group.
RAPD analysis
A high level of polymorphism was generated using the five RAPD primers (Figure 2 and Table 7 ). The molecular size of amplified bands ranged from 190 to 1500 bp. A total number of 60 RAPD bands separated by electrophoresis on agarose gel across the experimental groups were obtained. The highest number of amplicons was generated from Group 4 (37 amplicons) while Group 2 generated the lowest (19 amplicons). The highest number of amplicons was generated from primer A 16 (61 amplicons) while the lowest was generated from primer B 11 (24 amplicons) as showed in Table 7 . The results of RAPD-PCR assay as a mutagenecity test system using extracted DNA of control and treated groups and arbitrary random primers, CCl 4 , showed that pomegranate treatments increased the number of amplified fragments of DNA over the control ones. However, there was an ascending increment of band numbers in pomegranate extract treatment.
The obtained results affected DNA banding pattern in all treatments, but treatment with pomegranate (diet and extract) improve the genotoxic effect of CcL 4 on DNA. It is worthy to notice that each line represented the total extracted DNA from each treated group to reduce the intra specific variation between animals in each group. This result showed also the presence of genetic heterogenecity between treated animals.
Biochemical analysis
The results in Table 8 showed that the ingestion of CcL 4 significantly decreased the content of the total soluble protein, DNA and RNA in liver and testes compared with the controls. These harmful effects of CCl 4 were alleviated and improved by the treatments of antioxidant agents (silymarin, pomegranate peels and seeds), either as diet or alcoholic extract which readjusted around the normal values, but still lower than control values. The results of chromosomal aberration and molecular genetic results were confirmed by these results of total soluble protein, DNA and RNA of liver and testes tissues of the CCl 4 ingested rats. CCl 4 induction reduced the content of total soluble protein to 66 and 72%, respectively in liver and testes tissues relative to normal control. In connection, DNA and RNA were decreased under the CCl 4 ingestion. They were 74 and 58% for liver. They were also 80 and 70% for testes respectively relative to control. The treatments with pomegranate fractions (peels and seeds) showed values between 94 and 103 % for total soluble protein, 90 and 97% for DNA and 80 and 95% for RNA, relative to control for liver and testes tissues. It can be concluded that pomegranate fractions (peels and seeds) reduced harmful and toxic effect of CCl 4 .
DISCUSSION
In the current study, the proposed plan aimed to assess and examine the possibility of pomegranate plant to protect and reduce the genotoxicity and hepatotoxicity alteration induced by carbon tetrachloride (CCl 4 ) on normal cells of male Sprague Dawley rats, which were used as biological test animals. CCl 4 has been widely used for inducing experimental hepatic damage due to free radical formation during its metabolism by hepatic microsome, which in turn causes lipid peroxidation of the cellular membrane leading to the necrosis of hepatocyte (Lin et al., 2008) .
Hepatic fibrosis represents the wound healing response of the liver to repeated liver injuries, and is associated with increased inflammatory cell infiltration and may involve the interplay of different inflammatory mediators, which is a common stage in most chronic liver disease. Constant fibrosis can lead to the development of hepatocellular carcinoma (Nissen and Marrtin, 2002) . If treated properly in this stage, hepatic fibrosis can be reversed and its progression to irreversible cirrhosis that often leads to lethal complications and high mortality may be prevented. However, the prevention for liver fibrosis is not yet well established. The health promoting effects of plant constituents and extracts are being increasingly studied and their consumption is on the rise in the world. However, several studies have reported the effectiveness of different herbal preparations or fruit extracts for the treatment and prevention of disease (Shukla et al., 2008) . Pomegranate has been used for centuries to confer health benefits in a medicine. Dietary supplements containing pomegranate extract are becoming popular in the world for the treatment and prevention of arthritis and other inflammatory diseases. More recently, standardized extracts of pomegranate fruit have been shown to possess antiinflammatory and cartilage sparing effects in vitro (Ahmed et al., 2005) .
According to current reports, several parts of pomegranate tree, Punicagranatum, consist of juice. The peel, leaf, flower, bark, roots, and especially its fruit, possess anti-inflammatory and antioxidant effects for the reason that they have phenol compounds. The anti-oxidative properties of the plant polyphenols are thought to arise from their reactivity as hydrogen or electron donors from their ability to stabilize unpaired electrons and to terminate fenton reactions (Rice-Evars et al. , 1997) .
In this study, we investigated the preventive effect of pomegranate plant on hepatic fibrosis and genotoxicity induced by CCl 4 exposure in rats. We used in vivo models to confirm the antioxidative activity of ethonolic extract of pomegranate peel and seed, and also the peel and seed as a diet. Our study included induction of liver fibrosis, and identification of the mechanisms of action of pomegranate on detoxification ability, especially on chromosomal abnormalities, sperm morphology, molecular assay and nucleic acid (DNA and RNA).
Results of the present study showed that rats treated with CCl 4 developed significant genetic and hepatic damage and oxidative stress as evidenced by increases in the chromosomal abnormalities, abnormal sperms, increase of the number of amplified fragments of DNA over the control ones and the decrease of content of total soluble protein (DNA and RNA). These are indicators of cellular leakage and loss of functional integrity of the cell (Mukherjee, 2003) .
During hepatic injury, superoxide dismutase (SOD) and hydroxyl radical generate at the site of damage, and SOD is exhausted as a result of oxidative stress caused by CCl 4 that leads to accumulation of free radicals (Lin et al., 2008) . The SOD activity was brought to increase and free radicals were decreased by co-treatment of pomegranate in the CCl 4 -treated rats. Results of the chromosomal aberrations and sperm
